Purpose Investigating whether pre-ovulatory follicular fluid (FF) levels of selected proteins differ between women who do or do not develop severe ovarian hyperstimulation syndrome (OHSS) and evaluate whether they potentially could guide a Bfreeze-allŝ trategy.
Introduction
Ovarian stimulation is essential for the success in assisted reproductive technology (ART), but as a side effect introduces a risk of ovarian hyperstimulation syndrome (OHSS), one of the most serious complications in ART. OHSS is characterized by ovarian enlargement and shifting of fluid to the third space, potentially causing ascites, pleural effusion, hemoconcentration, electrolyte disturbances, liver and kidney dysfunction, and thromboembolic events [1] . Based on the clinical symptoms and laboratory findings, OHSS has traditionally been classified as mild, moderate, and severe [2, 3] . Mild OHSS rarely causes clinical problems, whereas severe OHSS is a potentially life-threatening condition. The pathophysiological basis for OHSS is still not completely understood. However, it is believed that the hyper stimulated ovaries produce and secrete factors that cause OHSS, presumably proteins involved in inflammation [4, 5] and proteins involved in angiogenesis [6, 7] .
As there are no specific treatment options for severe OHSS, effective prevention depends on reliable clinical and biochemical markers for OHSS. Several patient and stimulation characteristics are known to predict the risk of developing OHSS [8] . Especially the number of follicles ≥ 10-11 mm on the day of triggering final oocyte maturation correlates with the risk of OHSS [9] [10] [11] . However, some women with a high number of follicles do not develop OHSS. This could reflect that not only the quantity, but also the quality of each growing follicle, may contribute to the development of OHSS. It is possible that the intra-follicular milieu in women predisposed for the syndrome differs from that of women without this predisposition. Follicular fluid (FF) represents the intra-follicular milieu, and thus, proteins present in the FF may be involved in the development of OHSS and could be important biomarkers for severe OHSS. FF is easily accessible, as it is routinely aspirated during oocyte pick-up (OPU), and if potential biomarkers could be measured before embryo transfer, this could assist clinicians in identifying women that would benefit from postponing transfer of an embryo to a subsequent cycle (freeze-all strategy) to prevent the development or aggravation of OHSS.
Thus, the aim of this study was to determine whether FF concentrations of six selected candidate proteins involved in inflammation and angiogenesis differed between women that developed severe OHSS and women that did not develop OHSS with or without a high-risk profile.
Methods and materials

Participants
This study is a secondary sub-study of a large-phase IV, dualcenter, randomized controlled trial on 1050 women, included from 2009 to 2013 in Denmark, with the objective to compare short GnRH antagonist protocol and long GnRH agonist protocol in an unselected population referred for their first ART treatment. Exclusion criteria were uterine abnormality, age > 40 years, use of testicular sperm extraction/aspiration, and severe co-morbidity [11] . The present sub-study is a casecontrol sub-study including three groups: (1) patients with ≥ 15 oocytes retrieved who developed severe OHSS (n = 25, OHSS cases), (2) patients with ≥ 15 oocytes who did not develop moderate-severe OHSS (n = 25, high-risk controls), and (3) patients with 5-8 oocytes who did not develop moderatesevere OHSS (n = 25, low-risk controls). For each OHSS case (n = 25), one high-risk control (n = 25) and one low-risk control (n = 25) were selected by matching patients by treatment protocol (antagonist versus agonist), pregnancy (±), age, BMI, and anovulation (±). We chose to use the number of oocytes retrieved to identify the high-and low-risk groups for the following reasons: (1) the exact number of follicles ≥ 10-11 mm on the day of triggering final oocyte maturation was not recorded in the original dataset; (2) the number of oocytes retrieved correlates with the number of growing follicles; (3) a large-scale report on 256,381 IVF cycles demonstrated a significantly increased OHSS risk when more than 15 oocytes were retrieved [12] .
Treatment protocols
Participants were randomized to the standard GnRH agonist or antagonist protocol using a fixed rFSH (Puregon®) dose of 150 IU or 225 IU according to age ≤ 36 years or > 36 years, respectively. After 6 days of stimulation, the rFSH dose were adjusted according to ovarian response using transvaginal ultrasonography. In both groups, 6500 IU hCG (Ovitrelle®) was administered to induce final oocyte maturation. OPU was performed 36 h after hCG administration. Embryo transfer was performed 2 days after oocyte retrieval [11] .
OHSS measurement
Transvaginal ultrasound scan and clinical examinations related to OHSS were performed at three occasions: day of OPU, OPU + 5 days, and day of pregnancy test (13-15 days after embryo transfer). Rates of no, mild, moderate, and severe OHSS were registered. OHSS was defined according to the Golan criteria with the addition of a few well-defined criteria from the Navot classification [11] . Severe OHSS was diagnosed in patients that in addition to abdominal distension and discomfort along with nausea, vomiting and/or diarrhea, enlarged ovaries, and ultrasonographic evidence of ascites, had clinical evidence of ascites and/or hydrothorax or breathing difficulties and could have hemoconcentration, liver or kidney dysfunction, and decreased renal perfusion. The diagnostic criteria are thoroughly described in the primary analysis of the RCT [11] . The degree of OHSS was evaluated at all three examination days, but when calculating the OHSS rates, only the most severe OHSS grade was counted for each patient.
Follicular fluid collection
FF from one large pre-ovulatory follicle with a diameter of > 17 mm was aspirated from each patient. The first clear follicular fluid aspirate with the presence of an oocyte and without contamination of blood or flushing medium was used for analysis. After removal of the oocyte, the fluid was centrifuged at 1200 rpm for 10 min to remove granulosa cells and debris.
The supernatant was stored at − 20°C until transfer to − 80°C. They were once thawed to 0°C, divided into aliquots, and refrozen to − 80°C before final analysis.
Biochemical measurements
Soluble urokinase plasminogen activator receptor (suPAR) was determined in singlets using the suPARnostic AUTO Flex ELISA kit (ViroGates A/S, Denmark) on an automated Siemens BEP2000 platform. Intra-and inter-assay coefficients of variation (CVs) were 3.5% and 5.1%, respectively. Placental growth factor (PlGH) and vascular endothelial g r o w t h f a c t o r ( V E G F ) w e r e d e t e r m i n e d b y electrochemiluminescence immunoassays and C-reactive protein (CRP) by a high-sensitivity immunoturbidimetric assay on Cobas 6000 (Roche Diagnostics Ltd., Switzerland). The corresponding intra-and inter-assay CVs were as follows: 1.1% and 2.7% (placental growth factor (PlGF)); 1.9% and 2.5% (VEGF), and 1.6% and 3.9% (CRP). Angiopoietin 1 and angiopoietin 2 were measured by enzyme-linked immunosorbent assays (R&D Systems Inc., Minneapolis, USA). For angiopoietin 1, the intra-and inter-assay CVs were 2.4 and 6.4%, respectively. For angiopoietin 2, the intra-and interassay CVs were 6.9 and 10.4% respectively.
Statistical analysis
Data are presented as mean (SD) and number (%) as relevant. For continuous variables, differences between groups were evaluated using non-parametric tests (the Kruskal-Wallis or Mann-Whitney test). Categorical data were compared using χ 2 test. Prediction of severe OHSS by FF suPAR levels was examined by receiver operator characteristics (ROC) curve analyses. Table 1 presents patient characteristics and demonstrates the resemblance of the groups. The groups differed as expected regarding their risk profile for OHSS, with the low-risk control group having lower p-estradiol levels at OPU and fewer oocytes retrieved despite similar FSH stimulation dosage received ( Table 1 ). The number of oocytes retrieved did not differ significantly between the two high-risk groups (p = 0.11). The high-risk control group did, however, have significantly lower p-estradiol levels as compared with the OHSS group (p = 0.01). The concentrations of the six selected candidate proteins measured in the FF are presented in Table 2 . The FF levels of suPAR differed significantly between the three groups (p = 0.018) with mean (SD) levels of 2.3 (0.4) μg/L, 2.6 (0.8) μg/L, and 2.8 (0.6) μg/L in OHSS cases, highrisk controls, and low-risk controls, respectively. When OHSS cases (n = 25) where compared to the combined control groups (no OHSS, n = 50), the mean difference between groups was − 0.40 μg/L (95% confidence interval − 0.71 to − 0.09 μg/L), (p = 0.012) (Fig. 1) . A total of 19 patients had ≥ 20 oocytes retrieved (11 in the OHSS group and 8 in the highrisk control group). There was no statistically significant difference in FF suPAR levels between OHSS cases with ≥ 20 oocytes retrieved and OHSS cases with 15-19 oocytes retrieved (2.2 (0.5) vs 2.4 (0.4) μg/L, p = 0.08), as well as no difference between high-risk controls with ≥ 20 oocytes retrieved and high-risk controls with 15-19 oocytes retrieved (2.6 (0.6) vs 2.7 (0.9) μg/L, p = 0.56). The OHSS group with ≥ 20 oocytes had near-significant lower mean FF suPAR levels compared with the non-OHSS patients with ≥ 20 oocytes retrieved (2.2 (0.5) μg/L vs 2.6 (0.6) μg/L, p = 0.05).
Results
The FF level of CRP as well as selected candidate proteins involved in angiogenesis (VEGF, PlGF, and angiopoietins 1 and 2) did not differ between the three groups ( Table 2) or between cases and combined controls.
ROC curve analysis demonstrated that the level of suPAR in the FF could predict severe OHSS (AUC 0.678; 95% CI 0.553-0.803, p = 0.01, Fig. 2 ) with a sensitivity of 64% and a specificity of 66% using a cut-off value of 2.4 μg/L.
Patients in the three groups were matched for anovulation (±) with a total of 23 subjects presenting anovulation and 52 with ovulation. The FF level of CRP was significantly higher among patients with anovulation, with a mean (SD) of 2.58 (2.20) mg/L compared to 1.44 (1.44) mg/L in regular cycling women (p = 0.03). Furthermore, there was a trend toward higher FF suPAR levels among patients with anovulation compared to regular cycling women (2.6 (0.5) μg/L vs 2.5 (0.9) μg/L, p = 0.06). There was no association between anovulation and the angiogenetic factors VEGF, PlGF, and angiopoietins 1 and 2 in the FF.
Discussion
The present study evaluated the concentration of several proteins associated with inflammation and angiogenesis in preovulatory FF from three groups of women: a group of women that developed severe OHSS, a high-risk control group that had a high number of oocytes retrieved at OPU but did not develop OHSS, and a third group that comprised the low-risk control group. Levels of suPAR were significantly reduced in FF from women who developed severe OHSS compared with the two control groups. In contrast, the concentrations of the other measured proteins including CRP, VEGF, PlGF, and angiopoietins 1 and 2 were similar between the three groups of women, indicating that the FF concentrations of these proteins were not associated with the development of OHSS. Despite the significantly reduced FF suPAR levels in the group that developed severe OHSS, the area under the ROC curve was too low to warrant a direct clinical use. Collectively, the present results suggest that the regulation of the plasminogen activator system within the follicle may be associated with development of OHSS, although the present study does not provide a causal explanation. This is the first study to evaluate suPAR in FF from women undergoing ovarian stimulation and the first to place a central component in the plasminogen activator system, known to be intimately connected to ovulation, in the etiology of OHSS. SuPAR originates from cleavage and release of the cell membrane-bound urokinase plasminogen activator receptor (uPAR), which is the specific receptor for urokinase plasminogen activator (uPA) [13] . uPA converts inactive plasminogen to the robust protease plasmin. Among different substrates, plasmin degrades fibrin and several components of the extra cellular matrix. In this context, uPA and other plasminogen activators play a central role during ovulation in humans by securing the release of the cumulus oocyte complex to the oviduct [12] . It is believed that the primary role of uPAR is to localize uPA activity to specific extracellular sites rather than to modulate its proteolytic activity [13] . The molecular role of the soluble form of the receptor (suPAR) is not clearly understood, but several studies conclude that suPAR is a chemotactic agent stimulating the immune response and, furthermore, that suPAR is involved in the regulation of uPA/uPAR actions through competitive inhibition of uPAR as a scavenger of uPA [14] .
Thus, it could be hypothesized that the reduced levels of suPAR within the follicle could result in a more diffuse action of plasmin rather than a localized proteolytic action at the site of follicular rupture. Decreased FF suPAR levels could leave more uPA to interact with the membrane-bound uPAR, resulting in a higher extracellular plasminogen activation and subsequently a more widespread extracellular proteolytic degradation leading to an increased dysregulation of angiogenesis and an increased risk of fluid extravasation and movement of fluid into the third space, thus promoting OHSS. Although this hypothesis requires further experimental work to be documented, the confined physical environment of the ovarian follicles may very well provide a suitable experimental environment.
CRP is a well-known marker of inflammation and has previously been reported to be elevated in patients with early OHSS [4, 15, 16] , suggesting that inflammatory processes could be involved in the pathogenesis of OHSS. In this study, FF CRP levels were not increased among women with severe OHSS compared with controls without moderate-severe OHSS. Several factors related to angiogenesis are believed to be involved in the pathogenesis of OHSS, with VEGF being the most important [17] . VEGF is one of the main regulators of angiogenesis [18] and directly stimulates increased vascular permeability [19] . It is the most extensively studied angiogenic factor in connection with OHSS, and it has been proposed that VEGF concentrations in serum and FF may predict occurrence of OHSS [20, 21] . However, other studies have found VEGF to be of limited predictive value [22, 23] . In the present study, FF VEGF levels did not differ between women that developed severe OHSS and women that did not develop moderate-severe OHSS.
PlGF is a member of the VEGF sub-family and displays 53% homology with VEGF [24] . Its association with OHSS has not previously been investigated, but the findings of several studies suggest that the ovary is the primary site of production during ovarian stimulation [25, 26] , and PlGF may play a role in the PCOS pathogenesis and its angiogenic dysregulation [26] . However, as with VEGF, we did not demonstrate any association between OHSS and FF levels of PlGF.
In addition to VEGF and PlGF, we assessed FF angiopoietin 1 and 2 levels. The production of angiopoietins are believed to assist in mediating the triggering of OHSS by hCG [27] , and it has been demonstrated that angiopoietin 2, in the presence of VEGF, mediates vascular leakage to the third space [28] . Still, in the present study, we did not find an association between angiopoietins and OHSS.
The diverging results in the literature may be related to variating classification of OHSS patients and selection of controls. The present study included two control groups that did not develop OHSS: a high-risk control group that were matched for important predictors of OHSS and a low-risk control group. We chose a cut-off value of 15 oocytes retrieved in order to identify high-risk patients of moderatesevere OHSS based on previously published results [12] . However, different cut-off values have been presented in the literature to predict severe OHSS, including cut-off values of 18-20 oocytes [29, 30] , but also as high as 30 oocytes [31] . In order to assess the use of a higher cut-off value, we did a subanalysis on the patients with more than 20 oocytes retrieved. The sub-analysis confirmed the association between suPAR and OHSS, but with fewer patients in each group. Furthermore, this study was designed as a matched case-control, which warrants cation when interpreting the sub-analysis. However, we are planning a retrospective study in order to investigate whether the number of oocytes retrieved affects levels of suPAR and whether a higher cut-off value for number of oocytes predicting OHSS provides a better association with suPAR.
Despite the groups being formed based on data from a large RCT, the number of women developing OHSS was still limited and it was not possible to match the high-risk groups completely regarding p-estradiol levels. However, a larger dataset would be difficult to obtain as current clinical practice employs the use of GnRH agonist trigger and a Bfreeze-allŝ trategy in high-risk patients to prevent severe OHSS. Furthermore, FF concentrations from a single follicle may not truly reflect total granulosa cell production in the ovaries as substantial interfollicular variation in FF steroid and cytokine concentrations have been reported [32] . In this study, only FF from one mature pre-ovulatory follicle had been stored in the biobank from the original study, as it represents an easily accessible tool in daily clinical practice. Future studies on granulosa cell expression and pooled FF aspirates may provide additional knowledge on the role of suPAR and OHSS and elucidate whether suPAR in pooled FF has a higher predictive value for OHSS.
In conclusion, our findings indicate that the intra-follicular activation state of the immune system at OPU is not increased in women that develop severe OHSS measured by CRP and suPAR levels in the FF. On the contrary, suPAR levels were reduced in women with severe OHSS compared with controls, most likely reflecting an interesting unexplored role of the plasminogen activator system and OHSS. FF suPAR levels did not display convincing predictive value in a clinical setting with low sensitivity and specificity for predicting severe OHSS. However, this is the first study to evaluate suPAR levels in relation to ART; thus, further studies are required to determine the role of plasma or FF suPAR levels in OHSS and other outcomes of ART. Furthermore, we found that several proteins involved in angiogenesis, (VEGF, PlGF, and angiopoietins 1 and 2) were unaltered in the FF of patients with severe OHSS.
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